Abstract. This work analyzes the energy phenomena occurring in linear power systems characterized by the presence of load unbalances, using the principles of the Unifying General
Introduction
Energy phenomena in three-phase power systems have been analyzed as a generalization of the phenomena occurring in single-phase circuits. Thus, in linear singlephase power systems we can distinguish the energy phenomena associated with the net energy transfer and with the dephase phenomenon, quantified by the active power (P) and the reactive power (Q).
The analysis of three-phase power systems using a similar approach to that used for single-phase power systems can lead to an improper identification and quantification of the energy phenomena, since if unbalances occur in the system, then in addition to the energy phenomena mentioned above, the phenomenon of asymmetry can also take place; this latter phenomenon does not happen in single-phase power systems and it should be quantified independently of the phenomena of useful energy transfer and dephase, differentiating and quantifying the effects of each of the energy phenomena occurring in the system.
In this paper we analyze the energy phenomena occurring in unbalanced three-phase linear power systems, using the Unifying General Theory of Electric Power [1] , [2] . Each energy phenomenon in the power system is identified from the expression of instantaneous power and is quantified using the likelihood criterion [1] , [2] . In addition, it is possible to quantify the different energy phenomena from their representations as a time function of the instantaneous power, emphasizing the relationship between the shape of the instantaneous asymmetry power and the quantification of the associated phenomenon.
Expressions of instantaneous power in
load-unbalanced three-phase linear power systems
The instantaneous power in a three-phase power system with efficient generators and unbalanced loads connected in triangle can be expressed using Stokvis theorem (considering the excitations from direct sequence):
where the first term is the product of the direct voltage and current components, and the second term corresponds to the inverse and homopolar components of the current.
From expression (1) and decomposing the direct current into its active and reactive components, we obtain the terms that characterize the phenomena established in Steinmetz theory: a one-directional flux of useful energy and a two-directional flux associated with the dephase phenomenon (2). 
The second term in expression (1) is not associated with any of the previous phenomena; therefore it is necessary to employ an electric power approach that explains the energy phenomena occurring in the system.
The Unifying General Theory of Electric Power defines the effective instantaneous power p p (t), as a onedirectional flux of load-generator power, associated with the direct voltage component (3) , and the instantaneous dephase power p q (t) as a two-directional flux between generator and receiver associated with the product of the direct voltage and the reactive component of direct current (3):
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The effective power and dephase power are energy fluxes that characterize balanced three-phase linear power systems. When unbalances occur in the power system, then the second term of the expression for instantaneous power (1) occurs. It defines the instantaneous asymmetry power p A (t), associated with the inverse and homopolar components of the current (4):
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Quantification of the energy phenomena
The quantification of the energy phenomena is obtained using the likelihood criterion [1] , [2] which provides the expressions that allow to obtain the effective power (P u ), the dephase power (Q u ), and the asymmetry power (A u ) .
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The apparent power (S u ) coincides with Buccholz expression (S B ): 
Effective power and dephase power
From the expressions of the instantaneous power it is possible to obtain the wave shapes that represent each of the energy phenomena present in the power systems under analysis.
A. Instantaneous effective power
The instantaneous effective power p p (t) is characterized by being a senoid for each phase, whose resultant is a one-directional flux of load-generator ( Fig.1) .
Fig.1. Instantaneous Effective Power
The quantification of the effective power can be obtained as the sum of the instantaneous values of the effective powers of each phase, the resultant being a onedirectional net power flux of value P u .
B. Instantaneous Dephase power
Instantaneous dephase power p q (t) corresponds to a balanced sinusoidal three-phase flux (Fig. 2) 
5. Instantaneous asymmetry power. Relationship between wave shape and the quantification of the energy phenomenon
The instantaneous asymmetry power has been represented in Fig. 3 , forming an unbalanced three-phase power system, whose resultant is a two-directional flux between generator and load of nil mean value. Initially there is no evident relationship between wave shape and the quantification of the phenomenon.
Fig. 3. Instantaneous Asymmetry Power
However, from the decomposition of the asymmetry power into its components associated with phase inverse current and phase homopolar current we can obtain the relationship between the energy phenomenon and its quantification.
A. Instantaneous asymmetry power associated with the inverse component of current p t v t i t
The instantaneous power associated with the inverse component of the current (10) has been represented in Fig 4; it is formed by an unbalanced three-phase power system whose resultant is a senoid of nil mean value. The instantaneous power associated with the homopolar component of the current (12) has been represented in Fig 5; it is formed by an unbalanced three-phase power system whose total sum phase by phase is nil. 
C. Asymmetry power. Quantification
The relationship between the quantification of the asymmetry power and the wave shapes of its components is obtained as the quadratic sum of the asymmetry powers associated with the inverse and homopolar components of the phase current (14):
The expression indicated in (14) allows us to calculate the value of the asymmetry power from the wave shapes of the instantaneous power components, allowing to obtain the relationship between the energy phenomenon and its quantification.
Practical Case
In order to verify the issues presented in previous paragraphs, we present a practical case of a three-phase linear power system with unbalanced loads connected in triangle with the following data: 
The powers will be (5), (6): 
Next we obtain the quantification of the energy phenomena from the wave shapes of the instantaneous power components using the second procedure, by means of expressions (7), (9), (11), (13) and (14). 
A. Effective Power
This example illustrates that the quantification of the energy phenomena present in the power system can be obtained from the two procedures presented here, emphasizing the relationship between the temporal representations of the energy fluxes and the value of the power associated with the energy phenomenon.
Conclusions
The different energy phenomena occurring in power systems can be explained from the wave shapes of the instantaneous power components, quantifying such phenomena either from the magnitudes of the power system or from the wave shapes of the instantaneous power components of the system.
In load-unbalanced linear power systems there are three energy phenomena: useful energy transfer, dephase and asymmetry:
-Effective power is characterized by a senoid in each phase whose resultant is a one-directional power flux between generator and receiver. -The dephase phenomenon manifests by three sinusoidal balanced fluxes, as opposed to what the classical theory states, according to which these power fluxes are unbalanced, as a consequence of including the effects of asymmetry.
-The asymmetry phenomenon is characterized by three sinusoidal unbalanced fluxes, whose resultant is a senoid of nil mean value. -It is possible to obtain the asymmetry power from the amplitude of the power fluxes typical of this energy phenomenon.
